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SOFTWARE INTERFACING OF FLIGHT DATA 
M. R. P h i l l i p s  
I I T  Research I n s t i t u t e  
SUMMARY 
Handling and processing nonsystems f l i g h t  da ta  s to rage  tapes 
of vas t  amounts of da t a  from various i n s t a l l a t i o n s  w i l l  r e q u i r e  
in t e r f ac ing  and da ta  condi t ioning c a p a b i l i t i e s  and, i n  some in-  
s tances ,da ta  compression c a p a b i l i t i e s .  These da ta  compression 
c a p a b i l i t i e s  should r e f l e c t  t he  c h a r a c t e r i s t i c  of t he  phys ica l  
data  i n  smaller q u a n t i t i e s ,  such as mean va lues ,  c o r r e l a t i o n  func- 
t i o n s ,  s p e c t r a l  dens i ty  funct ions and p r o b a b i l i t y  dens i ty  func t ions .  
F l i g h t  data  received thus f a r  were taken from a m u l t i s p e c t r a l  
scanner, and have been in t e r f aced  t o  the  Marshall Space F l i g h t  
Center computers. Numerous data  sets have been processed and 
severa l  algorithms have been checked out  using the  f l i g h t  da ta .  
The software developed t o  i n t e r f a c e  and condi t ion  nonsystems r a w  
data tapes w a s  designed t o  be used a l s o  on t h e  UNIVAC 1108 EX8 
by modifying the  da t a  t r a n s l a t i o n  por t ion  only.  This software 
was developed using very modular techniques which provides imme- 
d i a t e  inc lus ion  of o the r  nonsystems formatted tapes .  The flow 
diagram, Figure 1, shows the  input loutput  da t a  condi t ioning,  and 
i n  general ,  the  da ta  flow. 
1. IBM 7094 AND UNIVAC 1108 INPUT/OUTPUT SOFTWARE INTERFACE 
FOR FLIGJAT DATA NONSYSTEMS TAPES 
Dig i t a l  data  t a p e  conversion and re format t ing  i s  requi red  
t o  i n t e r f a c e  tapes received from the  Laboratory f o r  Agr i cu l tu ra l  
Remote Sensing (LARS) a t  Purdue Universi ty .  Programs have been 
w r i t t e n  t o  t r a n s l a t e  and convert  purdue's LARSYS vers ion  1 and 
vers ion 2 Data Storage Tape (DST). These programs were kept  
e n t i r e l y  independent of each o the r .  Version 1 w i l l  u l t ima te ly  
become obsolete  and this module can be removed from the  main 
program without program modifications.  
1 
2 
A .  LARSYS 1 Format 
L 
The record blocks on t h e  tape  i n  order  are I d e n t i f i c a t i o n  
(ID) Record, n da ta  records,  and two f i l e  marks ind ica t ing  t h e  
end of da ta .  The  format of these records i s  as follows: 
1. I D  Record.-This record i s  wr i t t en  as a binary record from a 
core  a r r a y  I D .  The a r r a y  i s  35 words ( 3 2  ' b i t s  p e s  word) with 
the following information contained i n  each word: 
Word Information Date 
1 LARS t a p e  number 102 
2 Run number 
3 F l i g h t  l i n e  code 
4 Not used 
5 Number of da ta  channels 







7 Year da ta  w e r e  taken 66 
8 Month data  were taken 06 
9 Day da ta  w e r e  taken 28 
10 T i m e  da t a  w e r e  taken (EST) 1229 
11 A l t i t u d e  when da ta  were taken ( f t )  2600 
12-23 Low cu to f f  po in ts  f o r  40,44,46 , 
spectral  channels i n  order 48,50 ,52 ,  
i n  microns X 100.0 55,58,62 , 
66 , 72,80 
24-35 High cu to f f  po in ts  f o r  44 ,46 ,48 ,  
spectral  channels i n  order 50,52,55 , 
i n  Microns X 100.0 58,62 ,66 ,  
72,80,100 . 
NOTE: Data from Channel 1 are from the 0.401.1, t o  441.1, 
wavelength band. 
A l l  I D  words are in t ege r s  except ID(3) which 
i s  i n  alphanumeric format (EBCDIC). 
2 .  n Data Records.-Each data  record following the  I D  record 
contains  da ta  from one scan l i n e  of da ta .  There are approxi- 
mately 950 scan l i n e s  of da ta  on the  tape.  There are 2,740 
bytes i n  each da ta  record.  The f i r s t  four  bytes ( e i g h t  b i t s  
per byte) i s  an i n t e g e r  represent ing  the  scan l i n e  number. The 
3 
w F 
remaining bytes are data:  
B17 = S l y 2 , . . . ,  ~ 2 7 4 0  = s12,228. 
range 0 t o  225 with no s ign  included i n  the e i g h t  b i t s .  S 
f o r  a l l  m = 1,12 and n = 1 , 2 2 2  are da ta  from t h e  f i e l d  of view 
of t h e  scanner.  Sm,223 i s  a rrO1r or  dark l e v e l  da ta  poin t ;  
8111,224 
The pairs s m , 2 2 5 ~  sm,226~  and used i n  c a l c u l a t i n g  S 
'm,227' 'mY228 are similar t o  the  p a i r  Sm,223y Sm,224 except 
they are from c a l i b r a t i o n  pulses  "C1" and IrC2" r e spec t ive ly  from 
the  scanner.  
B y t e  5 (B5) i s  sapple 1 from Channel 1 
(S  ), B6 i s  sample  1 from Channel 2 (S2 ,1)y . . .y  €316 = 512,JY 
A l l  da ta  have values i n  the 
m,n 
i s  a var iance ind ica t ing  the  var iance of t he  da ta  poin ts  
m,223 
B.  LARSYS 2 Format 
There are four  types of physical  records on the  A i r c r a f t  
Data Storage Tapes:  
0 I D  record - 200 f u l l  words f ixed  length 
0 Data record - var i ab le  length 
0 End-of-Tape records - 200 f u l l  words f ixed  length 
0 End-of-File records - IBM s tandard 
An A i r c r a f t  Data Storage Tape contains  one o r  more da ta  runs 
cons i s t ing  of an I D  record,  s e v e r a l  da t a  records and an End-of- 
F i l e  record.  A f t e r  t he  las t  da ta  run on the  tape ,  an.End-of- 
Tape record and two End-of-File records a r e  w r i t t e n  on t h e  tape.  
For the  purposes of this  presenta t ion  a word i s  def ined t o  
be 32 b i t s  and a byte t o  be e igh t  b i t s .  Further  d e t a i l s  regard- 
ing  the physical  records follow. 
1. I D  Record (200 f u l l  words f ixed  length.-  
Word Format DeSCriDtiOn 
~ 
LARS tape number (e .g .  , 1, 
1 7 ,  102, e tc . )  
F i l e  number on t h i s  t a p e  
Run number (e ight  d i g i t s  
aabbbbcc) 
aa = l as t  two d i g i t s  of the  
















In t ege r  
In t ege r  
In t ege r  
Alphanumeric (4A4) 
In t ege r  
In t ege r  
In t ege r  
Alphanumeric ( U 4 )  
In t ege r  
In t ege r  
Alphanumeric (3A4) 









running s e r i a l  number 
f o r  the  year da ta  w e r e  
taken 
uniqueness d i g i t s  f o r  
runs which would other-  
w i s e  have the  same run 
number 
Continuation code 
ID(4) = 0 means the  f i r s t  
l i n e  of da ta  follows 
t h i s  I D  record 
ID(4) = X means t h a t  t he  da ta  
following this I D  
record are a continu- 
a t i o n  of a f l i g h t  l i n e  
s t a r t e d  on t a p e  X 
Number of data  channels (spec- 
t r a l  bands) on tape ( 3 0  maxi- 
mum) 
Number of data  samples p e r  
channel p e r  l i n e  
F l igh t  l i n e  i d e n t i f i c a t i o n  
(16 cha rac t e r s )  
Month da ta  were taken 
Day da ta  were taken 
Year da ta  were taken 
T ime  da ta  were taken 
A l t i t u d e  of a i r c r a f t  
Ground heading of a i r c r a f t  
Date da ta  run was  generated 
on t h i s  tape (12 cha rac t e r s )  
A l l  zero ( t o  be  defined l a t e r )  
Lower l i m i t s  i n  micrometers 
of f i r s t  s p e c t r a l  band on tape 
Upper l i m i t s  i n  micrometers 
of f irst  s p e c t r a l  bank on tape 
The suggested value of tlCOtt 
c a l i b r a t i o n  pulse ,  
The suggested value of t t C l t l  
c a l i b r a t i o n  pulse  
The suggested value of ltC2" 
c a l i b r a t i o n  pulse  
ID(56-200)Real 
I D (  5 1- 200)Real 
Repeat of ID(51-55) f o r  I D ( 5 )  
channels i n  order  of appear- 
ance i n  da ta  records 
= 0.0 i f  da ta  channels do not  
2 .  Data Records.-Each da ta  record w i l l  contain one scan l i n e  of 
da ta  from ID(5) channels (previous subsect ion) .  The f i r s t  ha l f  
word (two bytes) of t he  record w i l l  be  the  record number. The 
second ha l f  word (two bytes) w i l l  be t he  r o l l  parameter which i s  
a number ind ica t ing  r e l a t i v e  pos i t i on  of t he  r o l l  of the  a i r c r a f t  
f o r  t h i s  l i n e  of da ta .  If the  r o l l  parameter i s  -32,767, the  
da ta  f o r  the  given l i n e  do not e x i s t .  I f  t h e  r o l l  parameter has 
no t  been ca l cu la t ed  i t  w i l l  be set  t o  32,767. The f i f t h  byte 
w i l l  be  the  f i r s t  sample from the  f i r s t  channel.  The s i x t h  byte 
the  second sample from the f i r s t  channel and so  on through ID(6) 
samples  and ID(5) channels.  A data  record w i l l  b e  ID(5)*ID(6)+4 
bytes long. 
The da ta  from each channel w i l l  be from the f i e l d  of view 
of t he  scanner except the las t  s i x  bytes .  The l a s t  s i x  a r e  
c a l i b r a t i o n  da ta  i n  the  order  of appearance. 
"0" o r  dark l e v e l  
Variance of Co 
Ca l ib ra t ion  source C1 
Variance of C1 
Ca l ib ra t ion  source C2  





where Ci = Cal ib ra t ion  Value i and VCi = ca lcu la t ed  var iance of 
c a l i b r a t i o n  Value i. 
During t h e  reformatt ing process a record may be  bad due t o  
tape  e r r o r s  o r  o ther  e r r o r s .  When t h i s  occurs t h e  data  r o l l  
parameter, and c a l i b r a t i o n  points  w i l l  a l l  be set  t o  0.  On good 
da ta  records a l l  data  and c a l i b r a t i o n  values w i l l  b e  i n  the  range 
of 0 t o  255 ( b i t  form) with no s ign  included i n  the  e igh t  b i t s .  
r 
6 
A data  value of 0 or  255 means t h a t  the  da ta  point  was c u t  o f f  
during the  d i g i t i z a t i o n  process.  Data values then range between 
0 and 255 with 0 ind ica t ing  low r e l a t i v e  i r r ad iance  and 255 
ind ica t ing  high r e l a t i v e  i r r ad iance .  
3 .  End-of-Tape Record. -The End-of-Tape Record i s  very similar 
t o  the  I D  Record with 200 f u l l  words i n  the  following format. 
Word Format Descr ipt ion 
ID( 1) In t ege r  LARS tape number 
ID(2) In t ege r  F i l e  number on t h i s  t a p e  
ID(3) In t ege r  
I N 4 1  In t ege r  
Run number = 0 
Continuation code 
ID(4) = 0 means end of data 
ID(4) = X means data  from 
previous run a r e  
continued on t a p e  X 
ID(5-50) In t ege r  A l l  zero (may be def ined 
l a t e r  
ID(51-200) Real 0.0 (may be defined l a t e r )  - 
2. OUTPUT FORMATS FOR DATA PREVIEWING 
AND ANALYSIS OF FLIGHT DATA 
A .  Raw Data L i s t i n g  and P l o t t i n g  
Related t o  processing f l i g h t  da ta  and t h e  outputs from the  
multiscanner spectrometer,  t h e  bas ic  main stream program (FLIGHT), 
inputs  t he  da t a  and pr in ts ,  w r i t e s  and/or punches the  r a w  data  t o  
p r i n t  paper ,  magnetic tapes, and/or cards .  A p l o t t i n g  program 
w a s  wr i t t en  t o  p l o t  t he  raw da ta  f o r  previewing before applying 
da ta  condi t ioning techniques.  This program p l o t s  one scan of r a w  
da t a  p e r  frame and has the  opt ion t o  p l o t  only s e l e c t e d  channels 
and scans (Figure 2 ) .  Input t o  t h i s  program i s  a FORTRAN formatted 
binary tape with a 15 word I D  record and n da t a  records contain-  
ing  the  multiscanner outputs .  
one scan of da ta  conta in ing  samples  f o r  up t o  12  channels.  


















102 C l  C100000000000~00003H10001200000600000~0000C'0000&~~000~0053~00000 001 000 C l  
'a 
Figure 2 Data Plot 
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Problem parameters are input  wi th  NAMELIST and c o n s i s t  o f :  
NBEAMS 







Number of  o p t i c a l  beams, sensors  o r  channels 
on t h e  input  tape  
F i l e  l oca t ion  of da t a ;  maximum of f i v e  da t a  f i l es  
Number of  f i l es  t o  be processed; maximum i s  f i v e  
Logical tape  u n i t  o f  input  d a t a  
Channel number t o  be p lo t t ed ;  maximum of 1 2  
Se lec ted  scans t o  be p lo t t ed .  Maximum of 120 
s e t  NSCANS = 0 (no max imum if everjl scans i f  s e l ec t ed ;  
Physical record s i z e  of input  data  
Number of  scans t o  p l o t  
scan i s  des i red ,  
B.  Probabi l i ty  Density Function 
A p robab i l i t y  dens i ty  func t ion  module w a s  included i n  the  
program and i s  ava i lab le’upon an opt ion s e l e c t i o n .  This option 
gives  a p robab i l i t y  dens i ty  funct ion of a l l  1 2  channels of the  
mul t i spec t r a l  da ta .  This opt ion can be used i n  conjunction with 
the  rec tangular  N X L moving mean smoothing module o r  t he  N X L 
rec tangular  mean vec tor  module. \ 
A p robab i l i t y  dens i ty  funct ion i s  t h e o r e t i c a l l y  r e l a t e d  by 
PX 
An es t imate  of t h i s  p robab i l i t y  dens i ty  funct ion i s  obtained 
d i g i t a l l y  by d iv id ing  the  range f o r  x i n t o  an appropr ia te  number 
of c l a s s  i n t e r v a l s ,  say di, and by t abu la t ing  the number of 
occurrences i n  each of these  i n t e r v a l s .  The computer program 
f inds  a set  of N da ta  values of x such t h a t  the  number sequence 
{ N ~ }  satisfies 
K+1 
N = C  Ni 
i = O  
where K = number of class i n t e r v a l s .  
9 
This  number sequence (.i} i s  found by 
N1 = t o t a l  number of X: X e d l  - 
= t o t a l  number of X: dl<X_<d2 N2 
N3 = t o t a l  number of X: d2<X(d3 
Nk = t o t a l  number O f  x: d k - l ( x z d k  
A s  i l l u s t r a t e d  i n  Table I t h i s  gives  a p robab i l i t y  dens i ty  
histogram. 
This module can be  c a l l e d  by any c a l l i n g  program and the  
necessary problem parameters are passed t o  t h e  module through 
c a l l i n g  arguments, These c o n s i s t  of a data  l i s t ,  number of 
channels,  an accumulation tab le ,  a look-up t a b l e  and da ta  
index po in te r s .  
C .  J o i n t  Probabi l i ty  Density Function 
A j o i n t  p robab i l i t y  dens i ty  funct ion program has been 
wr i t t en  t o  provide a necessary t o o l  i n  the  ana lys i s  of t h e  f l i g h t  
data  now on hand. This program gives  a preliminary i n s i g h t  t o  
t h e  commonality of occurrences observed from two time-series 
da ta  traces. 
The j o i n t  p robab i l i t y  funct ion P(x,y) i s  t h e o r e t i c a l l y  
given by 
.where p(x,y) i s  t h e  p robab i l i t y  dens i ty  func t ion .  The p robab i l i t y  
densi ty  funct ion i s  obtained d i g i t a l l y  by s e l e c t i n g  an i n t e r v a l  
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11 
This gives 
scale f a c t o r  'b-a - c = - -  K 
To f i n d  the  X and Y coordinate  f o r  each va r i ab le  X and Y j o i n t l y ,  
an indexing po in te r  i s  ca l cu la t ed  f o r  each value of X and Y by 
An in t ege r  one i s  added t o  the  coordinate  P(Ix,I ) f o r  every 
value of X and Y i n  t h e  i n t e r v a l  [ a , b ]  . 
p(Ix,I ) contains  t h e  t o t a l  number of occurrences.  
Y 
The coordinate  
Y 
This program provides a p r i n t  p l o t  of t he  number of occur- 
rences a t  each X and Y coordinate .  The d e n s i t i e s  of t he  X and Y 
coordinates  are represented by a p r i n t  charac te r  t h a t  reflects 
var ious shades on the  computer p r i n t  paper .  An example of t h i s  
output i s  shown i n  Figure 3 .  
The j o i n t  p r o b a b i l i t y  d i s t r i b u t i o n  module can be c a l l e d  by 
any c a l l i n g  subrout ine and t h e  problem parameters are pas'sed t o  
the  module through i t s  arguments. These c o n s i s t  of a data  l i s t ,  
number of channels,  number of blocked records p e r  l i s t  and an 
e r r o r  f l a g .  Addit ional  inputs  are included and are input  under 
NAMELIST. These a re :  
XMAX Maximum range of data  
XMIN Minimum range of data  
IMX Channel number f o r  t he  X coordinates  
IMY Channel number f o r  t h e  Y coordinates  






0 - 10 = blank 
, 1 0 - 2 5 = .  
25 - 5.0 = 1 
50 - 75 = L 
75 -160 = F 
1,OO -125 = W 
Figure 3 J o i n t  P robab i l i t y  Di s t r ibu t ion  P l o t  
13 
a 
3 .  SOFTWARE INPUT PROBLEM PARAMETERS 
FOR CALCULATING PRELIMINARY STATISTICAL PARAMETERS 
A .  Program F l i g h t  
S e t  Number 1 (NAMDAT): 
1. NBEAMS 
2 .  *NFLSKC 
3. *NFLSKD 
4 .  *MVMEAN 
5 .  *NCEND 
6 .  *NOBEAM 
7 .  NWHICH 
8. TIMSAM 
9 .  *VALMAX 
10. *VALMIN 
11. START 
1 2 .  STOP 
13. NFILE 
14. *MSFC 
Number of beams o r  sensors 
Example: 
NBEAMS = 7;  i n d i c a t e s  there are seven sensors 





N / A  
Which f i l e s  on t h e  input  tape t o  be processed 
Examp le  : 
NWHICH - 1,3 ,4 ;  i nd ica t e s  f i l e s  1 , 3 ,  and 4 only 
Sample r a t e  of i npu t  data  
Example: 
TIMSAM - .l; ind ica t e s  data  were sampled a t  
10 samples p e r  sec 
N/A 
S t a r t  t i m e  on raw data  input  tape ( t h e r e  can 
be up t o  f i v e  s t a r t  times) 
Example : 
START = 1 .0 ,  1 .5 ,  2 .0 ,  2 .5 ,  6 .0;  i n d i c a t e s  
f i v e  s t a r t i n g  poin ts  on the  input  tape 
Stop t i m e  on r a w  da ta  input  t a p e  ( t h e r e  can 
be up t o  f i v e  s top  times) 
Examp le  : 
STOP = 1 . 4 ,  1.0 ,  2 .4 ,  5 . 9 ,  6 . 5 ;  i n d i c a t e s  
t he  f ive s top  t i m e s  f o r  each respec t ive  s t a r t  
t i m e  i n  example 11 above 
Number of f i l e s  t o  be processed on the  input  
tape 
Examp l e  : 
NFILE = 3 ;  i n d i c a t e s  t h r e e  f i l e s  t o  be processed 
N/A 
* These va r i ab le s  a r e  n o t  used i n  program FLIGHT, but a r e  
w r i t t e n  on an output used i n  program MLTCOR. 
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15. *IFREQ N/A 
16. LTN Logical tape u n i t  input  t a p e  i s  mounted on 
Example: 
LTN = 10; ind ica t e s  t a p e  u n i t  10 i s  being 
used f o r  input  
this  va r i ab le  i s  used t o  block the  output 
intermediate  tape  and t o  a d j u s t  t he  record 
s i z e  of input  tape 
1 7 .  NBLK Number of records p e r  block on output t a p e ;  
18. *NSTART N/A 
19. *NBOB N/A 
20. *PLYBCK N/A 
21.  *NSTEP N/A 
22. *NDEBUG N/A 
S e t  Number 2 (COND): 
1. NPIECE 
2 .  NSCANS 
3 .  NSECT 
4 .  NDERV 
5 .  NSPAN 
6 .  NBTJTT 
7.  NCOR 
8. NSIZE 
9 .  IBGN 
10. IEND 
11. NCHAN 
12 .  NSU 
1 3 .  NOWAY 
Piece length of data  samples des i r ed  f o r  
input  t o  t h e  c o r r e l a t i o n  program (MLTCOR) 
Number of samples o r  f l i g h t  scans i n  the  
f l i g h t  l i n e  d i r e c t i o n  des i r ed  i n  da ta  grouping 
Number of samples  perpendicular t o  the  d i rec-  
t i o n  of f l i g h t  des i red  i n  data  grouping 
Calcula tes  t h e  de r iva t ive  of t he  input  da ta  
(0 = no; 1 = yes) 
Number of samples i n  a moving mean span i f  
smoothing i s  des i red ;  = 0,  i f  no smoothing 
des i red  
Scan b u t t  opt ion 
Option t o  c a l l  up the  modules f o r  grouping 
t h e  input  da ta  (-1 = v e r t i c a l  d i r ec t ion ;  
1 = hor i zon ta l ;  0 = option bypassed) 
Physical  record s i z e  of input  t a p e  
Beginning sample number i n  each scan f o r  da ta  
grouping 
Ending sample number i n  each scan f o r  da ta  
grouping 
Number of channels included i n  the  boundary 
enhancement opt ion 
T h i s  opt ion cal ls  up t h e  boundary enhancement 
modules 
Number of samples separa t ing  t h e  operat ing 
samples from t;he re ference  sample i n  the  
boundary enhancement ca l cu la t ions  
15 
"I * * e. 
14. MOVING Moving mean option 
15. NPROB P robab i l i t y  densi ty  of input data  option 



































1.274 0.772 0.625 .............. i . . . . . . . . . . .  0.882 
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B. F l i g h t  Data In t e r f ac ing  







Number of scan l i n e s  t o  process 
I d e n t i f i c a t i o n  
Number of e i g h t - b i t  bytes on nonsystems 
s to rage  tape 
I n i t i a l  records t o  sk ip  
I d e n t i f i c a t i o n  
I d e n t i f i c a t i o n  











L a r s y s  2 Format:  
LSCANS 
NSKIP 
















6H C 1  (ALPHANUMERIC ) 
2664 
0 
6H FLT 3 (ALPHANUMERIC) 
6H TEST 1 (ALPHANUMERIC ) 
Number of scan l ines  t o  p r o c e s s  
I n i t i a l  p h y s i c a l  r e c o r d s  t o  s k i p  
120  
0 
C .  Data P l o t t i n g  
Number of s e n s o r s  o r  channels (Max 12) 
Which f i l e s  wanted p l o t t e d  
Number of f i l e s  wanted p l o t t e d  
L o g i c a l  t a p e  un i t  o f  i n p u t  t a p e  
Channel number t o  be p l o t t e d  
S c a n  numbers t o  be p l o t t e d  
P h y s i c a l .  r e c o r d  s i z e  of i n p u t  t a p e  


















3, 6, 8 ,  9* 0 
5 ,  10, 15, 20, 25, 115* 0 
256 
200 
3, 5, 12, 2* 0 
D. J o i n t  Proba 'bi l i ty  Density 
XMAX Upper range of da t a  values 
XMJiN Lower range of da t a  values 
IMX Location on input  tape of X word 
IMY Location on input  t a p e  of Y word 
RESOL Number of r e so lu t ion  i n t e r v a l s  wanted 
ALPNUM Characters t o  reflect  number of occurrences ; 




XMAX = 0 ,9  
XMIN = 0.4 
IMX = 4  
IMY = 7  
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4 .  DATA CONDITIONING 
A t  t he  present  t i m e ,  da t a  can be input  and c e r t a i n  prelim- 
inary  data  condi t ioning can be performed. Coding i s  included 
t o  e d i t  t h e  r a w  da ta  t o  e l imina te  s i g n a l  dropouts.  This e d i t i n g  
i s  done by input ing rep lace  parameters on cards  t o  c o r r e c t  
unwanted values  t h a t  may appear on the  r a w  da ta  t ape ,  
Coding was included - to  c a l c u l a t e  the f irst  d i f fe rence  of 
the  s i g n a l  trace f o r  each channel of data  t o  enhance the spectral 
content  of t h e  raw da ta  when co r re l a t ed .  The r a w  da ta  i s  then 
replaced by these  d i f fe rences .  
A. Smoothing, Formatting and Merging 
Modules were included i n  the  main program t o  perform da ta  
condi t ioning and handling. Subroutine SUMER w a s  coded t o  cal-  
c u l a t e  a mean radiance over an N X L matrix of r a w  da ta  poin ts  
f o r  each channel of da ta .  
averages and t h e  averages are output t o  tape  and/or cards .  An 
opt ion i s  provided i n  the  coding t o  "scan but t"  t h e  average da ta  
samples t o  ensure t h a t  a da ta  sample obtained from the  multi-  
s p e c t r a l  scanner,  from t h i s  p a r t i c u l a r  f l i g h t ,  w i l l  always be 
adjacent  t o  the  next  sample (Figure 4 ) .  I n  o ther  words, the  
opt ion makes the  da ta  appear  as though they were c o l l e c t e d  from 
t h e  l e f t  of the  f l i g h t  l i n e  t o  the r i g h t  of t he  f l i g h t  l i n e  of 
t he  f i r s t  scan, and then from the r i g h t  of t h e  f l i g h t  l i n e  t o  
the  l e f t  of t he  f l i g h t  l i n e  of t h e  second scan,  and so  on. 
The r a w  da ta  are replaced by these  
Subroutines XHOR and XVERT are subrout ines  that provide the  
a b i l i t y  t o  organize t h e  scan data  i n  such a way as t o  move through 
a f i l e  of da ta  w i t h '  an N X L matr ix  of samples i n  a ho r i zon ta l  









I=) * *  e 
- 
- - _  
i'02b 
* . . e  
SUBROUTINE SUMER with frame butt option 
N X L AVERAGES = 4 x 6 = i 
. . . e  . . e  * * e  a .  4 .  * e  . . e . . . . . .  & * * e  . *  
diecarded eemples 5 
I 
'-1 
Figure 4 Subroutine SUMER 
20 
SUBROUTINE XHOR 
N X L = 4 x 6  
. . . .  . . I *  
, . vLp3 . ' N  
c 1 ,  
* - - :  
I . . . .  . . e .  8 ,  . . . .  . . . .  . . . . .  
.v7. . -, . ~8 . . m=9 . 
L r .  
. . . .  I . . . .  
. . * . . . * . . . . . . . : . . . .  . . . . . . . . .  
discarded samples . 5 
(4 
SUBROUTINE XVERT 
N x L - 4 ~ 6  
. . . . . . . . . . . . . . . . . .  
?=43. 
. ni44 . 
discarded samplee . Y * * *  
Figure 5 Subroutines XHOR 
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and XVERT 
B. Boundary Enhancement 
For the  purpose of de t ec t ing  inventory boundaries,  a boundary 
inhancement technique i s  appl ied  t o  the r a w  da ta  o r  preconditioned 
da ta .  This enhancement i s  ca l cu la t ed  by taking a two-dimensional 
a r r a y  of da ta  and convert ing the  d i f f e rence  between adjacent  s a m -  
p l e s  i n t o  the  square of the d i f fe rence .  The boundary enhancement 
operator  can be extended outward t o  use ,  no t  only the  adjacent  
samples, but a l s o  o the r  samples, as i l l u s t r a t e d  i n  Figure 3 .  
(Note t h e  le t ter  X i nd ica t e s  t he  boundary enhancement operator  
has been moved outward by one sample.) 
When the  boundary enhancement opt ion i s  used, the  computer 
program c a l l s  up the  N X L sample moving mean module t o  p repa re  
t he  da ta .  These smoothed da ta ,  i n  a moving N X L rectangular  
fashion,  are input  t o  the  boundary enhancement module. A l l  1 2  
channels are operated simultaneously.  This enhances the magni- 
tude of the  mul t i spec t r a l  data  c l o s e  t o  the  n a t u r a l  inventory 
boundaries between d i f f e r e n t  homogeneous f i e l d s  f o r  e a s i e r  de- 
t e c t i o n  of t h e  boundaries (Figure 6 ) .  
The 12 channel mul t i spec t r a l  da ta  are denoted by Xk,ij  
where k i s  the  channel number, i i s  t h e  scan l i n e  number, and 
j i s  the  scanwise loca t ion  of t he  r e so lu t ion  c e l l .  
i j  , R  The enhanced s i n g l e  channel data  are denoted by y 
where i i s  the  scan l i n e  number, j i s  the  scanwise loca t ion  of 
t h e  r e so lu t ion  c e l l ,  and a i s  the  j t h  sample spaced from the 
re ference  sample. 
'ij ,a = 5: [xk,ij - ' k , i ( j - j )  l 2  
1' 
k 
+ ['k,ij - 'k , i( j+j)  
2 
+ ['k,ij - X k , ( i + j ) j ]  
where denotes t h e  summation of any number of s e l ec t ed  
channels (Figure 7 ) .  
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SEQUENCE OF SAMPLES 






ONE RESOLUTION ELEMENT ’ 
Figure 7 Boundary Enhancement 
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C .  Rectangular Sampled Corre la t ions  
Normally c o r r e l a t i o n s  a r e  performed on a sequence of t i m e  
s e r i e s  da t a ,  but i f  rec tangular  sampled c o r r e l a t i o n s  are des i red ,  
coding i n  the  computer program generates  an output t a p e  t h a t  i s  
compatible t o  the  MLTCOR program f o r  c a l c u l a t i n g  e o r r e l a t i o n s .  
This output t a p e  conta ins  da ta  samples t h a t  have been organized 
i n t o  N X L data  arrays and each N X L da ta  array c o n s t i t u t e s  one 
t i m e  series da ta  piece f o r  piecewise c o r r e l a t i o n  c a l c u l a t i o n s .  
Computer code w a s  added t o  the  MLTCOR computer program t o  s e l e c t  
from the  N X L da ta  array the  c o r r e c t  da ta  sample t o  assure  a 
uniform d i s t ance  between samples f o r  a l l  delayed and undelayed 
samples and f o r  a l l  t i m e  l ags .  This  scheme i s  i l l u s t r a t e d  i n  
Figure 8. 
Three program modules were w r i t t e n  and included i n  the  
c o r r e l a t i o n  l i n k  of t he  MLTCOR program, which s e l e c t s  t h e  c o r r e c t  
sample t o  use i n  the  c o r r e l a t i o n s  f o r  t h e  v e r t i c a l ,  v e r t i c a l  
delayed and h o r i z o n t a l  samples. When rec tangular  sampled co r re l a -  
t i ons  a r e  wanted, t he  c o r r e l a t i o n  module passes t o  the  rectangular  
sampled modules, t he  loca t ion  poin ter  of t he  sequen t i a l  t i m e  
s e r i e s  da t a  po in t ,  and through an in t ege r  a r i t hme t i c  c a l c u l a t i o n  
based on t h e  N X L r ec t ang le .  These loca t ion  poin ters  are 
modified t o  point  t o  the  appropr ia te  l oca t ion  of t he  sample  i n  
the  N X L rec tangular  da ta  array. Program l i s t i n g s  of these  







M-1 M= 2 
I . .  . . .  
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NOTE: The arrows indicate  the path and sequence that data samples 
were s e l e c t e d ,  f o r  each product of delayed and undelayed 
samples. The s e l e c t i o n  of the delayed samples fo l low the 
same path as undelayed samples. 
Figure 8 Rectangular Sampled Correlations 
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C******THIS MODULE SELECTS THE CORRECT SAMPLE 
C******IN THE VERTICAL DIRECTION. 
SUBROUTINE FINDV (NSCANS, NSECT, N, NN) 
IA-N-1 
IB=(IA+NSECT)/NSECT 
IC= IB/ 2 *2 
IF (IB-IC) 51, 50, 51 
51 ID=IA- (IB-1) *NSECT 
NN=IB+ID*NSCANS 
NTEMP=ID 






Figure 9 Subroutine FINDV 
C******THIS MODULE F I N D S  THE CORRECT SAMPLE 





SUBROUTINE FINDVD.(NSCANS, NSECT, N ,  NN, I E ,  NTEMI?) 
IAZN-1 
IB=(IA+NSECT)/NSECT 
I C = I B / 2 * 2  
I E - I B - I C  
I F  ( I E )  51, 50, 51 
I D z I A -  ( IB-1 )  *NSECT 
NN=IB+ID*NSCANS 
NTEMP= I D  
GO TO 52 





Figure 10 Subroutine FINDVD 
C******THIS SUBROUTINE F I N D S  THE CORRECT 
C******SAMPLE I N  THE HORIZONTAL DIRECTION. 
SUBROUTINE FINDH (NSCANS, N ,  NN) 
ID= (N-1) /NSCANS 
I C = I D / 2 * 2  
I F  ( ID- IC)  52,  53, 52 
52 IE= (IDt1) *NSCANS 
NN=ID*NSCANS+( IE-N) *1 





Figure 11 Subroutine FINDH 
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D. Linear Detrending 
I n  the  p a s t ,  da t a  c o n s i s t i n g  of atmospheric and meteorolog- 
i c a l  parameters have been plagued with uns tab le  and unpredictable  
boundary changes r e f l e c t i n g  uns ta t ionary  condi t ions i n  da ta  sets. 
These uns tab le  phenomena i n  some cases  completely engulf t he  
usable s i g n a l  and v i t a l  information i s  l o s t .  I n  order  t o  r e t r i e v e  
these  usable  s i g n a l s ,  a l i n e a r  detrending data  condi t ioning tech- 
nique w a s  developed. This technique i s  capab le  of d i scr imina t ing  
between a smal l - sca le  component and a l a rge - sca l e  component. 
This is  accomplished by c a l c u l a t i n g  a da ta  envelope, bounded by 
the  minimum and maximum peaks of t he  da ta  t r a c e ,  and the  mean of 
t he  da t a  envelope. The f l u c t u a t i o n s  of the o r i g i n a l  da ta  about 
t h i s  mean r e f l e c t  t he  f i r s t  generat ion f l u c t u a t i o n s  and the  de- 
trended small-scale i n f o m a t i o n ,  ( see  Figure 12) . 
To i l l u s t r a t e  t h e  s m a l l -  and l a rge - sca l e  d iscr imina t ing  
c a p a b i l i t i e s  of t h i s  technique, a t h e o r e t i c a l  composite s i g n a l  
i s  broken i n t o  four  d i f f e r e n t  components by performing the  opera- 
t i o n  four  t i m e s  which decomposes the  composite s i g n a l  t o  a s t r a i g h t  
l i n e .  This i s  done by rep lac ing  the  o r i g i n a l  s i g n a l  with the  
mean of t he  da t a  envelope and repea t ing  t h e  operat ion f o r  as 
many generat ions des i red .  ( see  Figures 13 and 14) .  
This technique w a s  appl ied  t o  a c t u a l  f i e l d  da ta  c o n s i s t i n g  
of t he  afore-mentioned problems. A data  set  w a s  s e l e c t e d  from 
a s e r i e s  of Haswell da ta  runs and two generat ions of f l u c t u a t i o n s  
were ca l cu la t ed .  The f i r s t  generat ion r e t r i e v e d  the  small-scale 
information, Figure 15(b) ,  and the  second generat ion r e t r i e v e d  
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OPERATION NO. 1. -5 J 
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OPERATION NO. 2. 
REMAINING SIGNAL 
Figure 14  Frequency Discrimination 
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HASWELL RUN NO. 25 
1.0 - 
.8 
. 6  - 
. 4  - 
. 2  
0 -  
1.0 
.8 
. 6  
. 4  
. 2  
0.0 
. 2  
0 
-. 2 
( C )  F i r s t  Generation Means 
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(@ Second Generation Fluctuations 
Figure 15 Linear Detrending 
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5. OPTIONAL MLTCOR LINKS 
Several  opt ions have been made t o  MLTCOR t o  maintain com- 
p a t i b i l i t y  wi th  the  data, flow processing and requirements per- 
t a i n i n g  the  NASA Contract NAS8-26209. 
diagram of t h e  MLTCOR i n  i t s  present  s ta te  i s  shown i n  Figure 16. 
As shown, two a d d i t i o n a l  l i n k s  (LINK 2 and LINK 4) have been pro- 
grammed and included i n  MLTCOR. LINK 2 i s  the  overlay l i n k  t h a t  
appl ied  the  l i n e a r  detrending algorithm t o  the  data .  This algo- 
rithm decomposes the  frequency content  of t he  r a w  da ta  and the 
operat ions can be repeated f o r  as many generat ions as des i red ,  
(Figures 1 7  and 18). 
A genera l  func t iona l  
LINK 4 i s  the  overlay l i n k  t h a t  c l a s s i f i e s  t he  piecewise 
c o r r e l a t i o n s  c a l c u l a t e d  i n  LINK 3 .  Piecewise c o r r e l a t i o n s  are 
read from an intermediate  s to rage  t a p e  and each piecewise co r re l a -  
t i o n  i s  c l a s s i f i e d  and w r i t t e n  back onto an a u x i l i a r y  intermediate  
s to rage  tape with i t s  assoc ia ted  class a t tached  t o  the  d a t a ,  
(Figures 19 and 20). 
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of Random Data, John Wiley and S o n c h c .  New York.* 





B * n 
DETRENDING 
LUCTUATIONS 
Figure 1 7  LINK 2 
36 























SKIP COMMON, REWIND 









Figure 19 LINK 4 
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Figure 20 LINK 4 (Concluded) 
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. -_. .. _- 
DELT=* 1 
NDIV=NPIECE 
lll-__i.._ ll___llll_-___lll II_. 
IF (NSPAN-1) 81418131814 
GO TO 815 




__  _- 
814 CONTINUE 
815 CONTINUE 
NEWPC=NDIV/NSPAN - - - _  - 
____ . - TIME=-DELT 
NC J=O 
WRITE ( 1 0 )  (COM(I)tI=lp175) 
c POSITION TAPE F I L E S  AND NUMBER OF FICES 
--. _ _  - I T = L  
REWIND LTN 
IAB=NWHICH( IAAI-1 
DO 999 IAA=l,NFILE 
-_ ._. 
IF (IA53) llrilp12 - 
12 CONTINUE 
DO 10 IAC=lrIAB - . I -.. 
CALL SKFBIN(LTNtlpRD1 
___ - -. . 10 CONTINUE 
11 CONTINUE 
__- c READ RECORD ONE 
READ (~fN)(RCDIDII),I=lt15) 
C A t t  F L D  INCTt19tl7rlrRCOID(1311 
NCOUMT=NCT -I__ -I-. -. - . _  
- 
C W R I T E  (7,1009) NCOUNT 
C WRITE (7,1008) fRCDID[t)~I=ltl2) 
C1008 FORMAT (12A6) 
61009 FORMAT I5XpI6~40H DATA ARE-SEALED X 1000 RIGHT ADJUSTED 1 






__I___ _I I- - - -- .--- 
l_l_._ .- - 
- - - . -_. - - - . - 
._ . -  
NPROBZ=IENDINSPAN 
IF (NSPAN-1) 816*818~8L6 
NEHCT l=NCOUNT 
NF AK E =NC OUN T 
_-__ .___._._ - . - __ 818 NEWCT=NNDIV 
GO TO 817 
-_-i -.. - .- -- . 816 CONTINUE - I F  ( M O V I N G )  8 2 4 ~ 3 2 3 ~ 8 2 4  










rm_--l_- I-- I 
-_ . __ __ 
.___ .- - - 
8 2 3  CONTINUE 
- -_ _I_- __ 





-_ - __ -. - - - -. - . . . - - - - C92 NCTR=NCTR+l 
C GO TO 8 1  
C 9 1  CONTINUE 
810 CONTINUE 
A V G C L l J ) = A V G C L ( J ) + D A T f l )  
4 3  
a 
I F  (NSPAN e E Q e  1) GO TO 206 
CALL SUMER ( NEWC T t DA f ( NSI(P+ l),NSECT, NS*nrJ v IC I t NBEAMS vNFLAG v NBUTT-,-- 
- LNBCKUP~LTNTIRTTMOVI~G) __ - __ - _.. _. 
IF (NFLAG mGT- 1) GO TO 60 
-__- _._ - 206 CONTINUE 
IF ( N P R O B  -EQ. 0) GO TO 825 
CALL PRO3 (DAT(NSKP+l),NBEAMS,TABLE1DATAB1NPROBL,NP~OB2vN~ROB3) - 
825 CONTiNUE 
-__- - - - NODD=(ICI/ZI*Z+l.-ICI 
DO 80 ICC=NSKIPTNEWCT~. 
I F  ( 
IF (NRUTT ,EQ, 01 GO TO 800 
GO TO 799 
.--.I-__- - 
NODI)) 801v800~801 
_____- - __ - 800 NFRM=ICC*NBEAMS-NBEAMS+l 
801 M F R M = I N E W C T l - I C C ) * N B E A M S + 1  - 
799 NTO =NFRM+NREAMS-l 
TIME=TIME+DELT - 
DATAIIA)=TIME 
R( IT)=DATA( IA) 
IA=IA+l 
IT= I T +  1 
___ _- - - - 
DO 8 3  I=NFRMtNTO 
__ __ 
~ - _ - I -  - IF (NDERV) Ylq90t9L 
91 CONTINUE 
____ _ _  _ _ _  IV=I+NBEAMS 
DATAIIA)=DATIIV)-DAT(I) 
GO TO 410 
90 DATA(IA)=DAT(II 











_______ DATA( IA)=TIME _ _ _  ._ 
NFRM=NE~MBfAMS-NBEAHS+f 
J=O 
J = J + 1  
NTO=NFKM+NBf AMs-1 - - - 
-._______ DO 20 I=NFRMfNTO _.  
__ - .I- .. 40 DATA( I A ) = D A T (  I I 
GO TO 20 
41 DATAIIA)=RMS(J)-DAT(If 
20 CONTINUE 
11 CONTINUE .. 
30 CONTINUE ..... 
GO TO 60 
~ - _ _  
CALL BSFILE ILTN92) 
-_I_ CALL SKRBlN 1LTNVlVNOP) ~ ....... 
-_.______ 999 c u w m u E  . . 
GO TO 10 
, 1 )  CALL B S F I L E  ( L T N  




CALL SKREIN ( L T N v L I N O P )  _- 
___ _ __ . 
-. . .... 
5 3  
. - - -  
XHOKZ 
____- - - - _ _  - EA=O 
NSKIP=IBGN 
NSET=~IEND-IBGN+l)/NSCANS 
I C = 0  




__-_ - . __ DO 10 N H O R = l t N S E T  
11 CONTINUE 
DO 12 N V E R = l t N S E C T  
CALL  REDTPC (LTNtltIERR~NW1NUP1DA-T) 
GO TO / 5 0 , 5 l v 5 0 , 5 0 1 5 1 ) , I E R K  - 
5 1  GO TO 999 
50 CONTiNUE 
_I-^ - -  




SUBROUTINE SUMER ( N V A R , D A T ~ N S E C T t N S P A N , I C I ~ ~ B € A ~ S t f f ~ L A G t N 8 U J T ~  - . - 
LNBCKUP, t TNI IRT,MOVING 1 
UIMENSION S U M ( 1 2 , 2 0 0 ) , D A T ( l ) r N D A T o  
IF {NFLAG ONE. 1) GO TO 11 
DO 10 I=ltMVAR 
DO 10 If=lrNBkAMS 
SUMIII,I~=O*O 
_I_____ _ -  






IAA= I AAiNBEAMS 
- 
- - - ~  --- DO 21 II=lrNVAR 
DO 22 18=l tNSPAN 
DO 23 IC=ltNBEANS 
S U M ( I C ~ I I ) ~ S U M ( I C , I I ) + D A T ( I A )  
______- - 
- IA=IA+l 
____--- - 23 CO NTINU E 
22 CONTINUE 
21 CONTINUE 
I F  ( M O V I N G  ,NE. 0) IA=IAA------- 
I F  (NFLAG ,GE. NSECT) mro-36- 
NFLAG=NFLAG+l 
RtTURN 
IF ( M O V I N G  .EQ. 0 )  GO T O  50 
~ _ _ _ - _  _ _ -  
- 
30 I A = O  
__ - - - . - CALL B S R E C D  (LTN,NBCKUP.NOP) 
DO 40 1 1  1 - t NVAK 
IA=IA+l 
- 50 CONTINUE 
- -- -- __ . 00 40 IC=lrNBfAMS 
DAT(IA)=SUM(ICtXI)/FLOAT(NSPANtNSPA~~~~ECT) 
- - . - - - 
40 CONTINUE 
-_ - - NODD=~iCI/2)*2+l-ICI 
DO 200 ICC=lrNVAR 
IF [NEUTT o E Q *  0 )  GO TO 800 
IF (NOOD) 80Lt800r801 
- ~ 
800 NFRM=ICC*NBEAMS-NBEAMS+l 
GO T O  799 
801 NFRM=(NVAR -ICCI*NBEAMS+l 
799 NTO =NFRM+NREAMS-1 
___ ___ 
__ __ J=O 
DO 201 I=NFRMtNTO 
J=J+1 
NDAT(J)=DAT(I) +100000 
. __ _. __ - I - - - - __I_-- 
201 CONTINUE 
C WRITE t 7 , 1 0 1  :t-rI=lvNBEAMS) 
WRITE 16,1010) ICItfCC~~NDATIII)~II=ltNf3EAMSl - 1010 FORMAT (lX~214g1215) 
l_l_ _ - _ -  - - -  200 CONTINUE WRITt f 6 t l O l L 1  
RETURN 
END 
1011 FORMAT I1H 916H5X5 MOVING MEAN - - 
. -- - -__ - 
56 
... -. . . .  ..... __- 
SUHER 








NRl=[ NOWAY-1 I * (  NUP/NSIZE+l) 
MN=O 
2005 COlYTINUt 
- _ . ._  C CALCULATE INDEXING PARAMETERS 
- ~ - - 1 " 1 - 1 1 1 -  I - 
____ - 
____ - - - - 
I______._ -_ _ _ _  " 
- ___ __-  DO 2000 1=1tNCOUNT 
DATA(I)=O,O 
____ 2000 CONTINUE 
C INPUT OAT A N D  ORGANIZE 
-_ _ _ _ _  N U P P = l  
DO 2004 1 = 1 , 3  
CALL REDTPC (IRT,l,IERR1NWtNUP,DAT(NUPP)) 
GO TO f50t51~50~50,51)rIERR 
_____ __ - _ . - 
- 
51 GO TO 999 
50 CONTINUE 
IF I 1  oEQ, 3 1 GO T O  2005 
-_ .. - ............ .-- 
- - -- 
I F  ( N R 1  o t Q *  0 )  GO T 0 2005 
CALL SKRBIN IIRTgNRlvNOPI ____ - -- -- - 
2005 CONTINUE 
2004 CONTINUE 
__- - - -  NU P P=NUP P +N UP 
MN=MN+L 
POSITION TAPE FOR NEXT READ 
CALL 3SRECD IIRT,NR,NOP) 
DO 2001 I=NOWAYtNEND 
00 2002 K=l,NBEAMS 
C .-I____ _I _-I - ---- 
__ _ _  __ - _ -  






IF ( N T E S T l  *EQ* NTEST2)DATtNREFl)=RMS(K) 
NSAMP 11 NTtSTl - D A T I  
IF fNTESTl o E Q I  N T € S T 2 ) 0 A T ( N S A W P l ) = R M S t K f  
NT€STl=DAT(NSAMPZ) 
NTESTl=DAT(NSAMP3) 
NTEST l=DAT( NSAMP 4) 
__ - - . _ _  
-. - - __ . - - - - - __ NSANP4=NREFl+NREFZ __ _- - __ 
- - 
_ _ _ ~ _ _ _  _____-_ ____ 
IF fNTESTl i E Q o  N T E S T 2 ) D A T f NSAMPZ)=RMS~~~ -- -- 
I F  { N T E S T l  *E€)* N T f S T 2 ) D A f ( N S A M P 3 ) = R # S [ K l  
_--l__l_ll_I- ---- l 
I F  fNTEST1 o E Q e  N T E S T Z ) O A T (NSAMP4)=RMSO __ ______ - - - . -_ .._ 
5 7  
SUHER 
... . . .. .. ~ 
58 
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